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ABSTRACT 


The Ballistic Research Laboratories detonation-driven shock tube was utilized 
to expose four complex tunnel models to high pressure blast waves. The models 
were exposed to shock pressures of 200, 500, and 800 psi. The data obtained from 
the shock tube tests were reduced, plotted, and extrapolated to give expected 
values for the models when exposed to a 1500 psi shock wave from a 10 megaton 


nuclear weapon. 
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INTRODUCTION 

In March 1963, the Ballistic Research Laboratories' Shock Tube Facility ini- 
tiated a program to test a series of model underground tunnel configurations. The 
work was performed at the request of and funded by Buretu of Yards & Docks, U. 5. 
Navy in response to letter 74B/JMC:JS of 6 March 1963. It was requested that the 
models be subjected to an input shock wave the equivalent of a 1500 psi wave from 
a 10 megaton nuclear weapon and that pressure-time records be made at specific po- 
sitions within the models. The physical characteristics of the shock tube precluded 
the possibility of conducting the tests at the desired pressure. Therefore, modi- 
fications were made on the shock tube to permit the tests to be conducted with in- 
put pressures up to 800 psi and to obtain data that would permit extrapolation to 
the desired level. 


The four models, Fig. 1 - 4, were attached to the moving test section, Fig. 
5, as shown in the photograph in Fig. 6. The models thus oriented were exposed 
face-on to shock waves up to 160 psi. Previous experiments at BRL have shown that 
a 160 psi shock will transmit a 200 psi shock wave into a tunnel oriented face-on 
to the blast wave and surrounded by a beffle that can be considered infinite and 
similerly that an 800 psi shock wave will transmit a 200 psi shock wave into a 
tunnel oriented side-on to the blast wave. Consequently this exposure, face-on to 
160 psi shock wave, was considered equivalent to an 900 psi shock wave side-on to 
the models. 


The indicated gage positions were instrumented with piezo electric transducers 
and recorded with oscillographic equipment. Fig. 7 is a tracing of a typica! record 


thus obtained. 


PROCEDURE 


The models were exposed separately to each of three input shock pressures, 
equivalent to 200, 590, and 800 psi side-on to the entrances. In all cases pressure- 
time records were taken for all gage positions simultaneously. A zero-time mark 
was included on all recording channels to provide time correlation and arrival times, 


with respect to shock arrival at the tunnel entrance for each Sition. Bach 
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gage was dynamically calibrated before and after each shot and the pre- and post- 
shot calibrations were averaged (if variations occurred) to obtain the pressure 
values from the records. A 1,000 eycle/second timing mark was provided on the film 
to yield time for the recordings. 


The reduction of the pressure-time records involved the determination of a 
munber of varicus values from the data. The pressure initlally recorded by the 
vase, that is the first step, was measured along with the arrival time for that 
pressure. The pressure was calculated by means of the simple proportion between 
the know calibration pressure and the height of the calibration step on the film 
and the height cf the actual shock wave step. The arrival time was measured from 
the records using the zero-time mark. The zero-time or fiducial mark was a pulse 
simultaneously imposed on all data channels. By measuring the time separation, 
using the 1,000 cycle/second timing marks, between each ".2ro-time mark and the 
arrival of the shock for 4ll data channels and subtracting from each data channel 
in the model, the time separation of the input channe’, the time required for the 
transmitted shock wave to ‘avel from the entrance to the gage position was ob- 
tained. Assuming then that zero-time is the arrival of the input shock wave at 


the model entrance, the arrival time for all gage positions is known. 


The pressure profiles, such as those in Fig. 7, were then approximated as 
closely as possible by a series of straight lines. The pressure and time was 
then determined for each end of each of the straight line approximations. All 
actual recorded times were then scaled up to real times with respect to the full- 
scale prototypes, that is, muitiplied by the scale factor of 32. This yielded 
then a series of pressure-time values of real pressure and times that would be 


obtained in the full scale case. 


Because the shock tube did not exactly reproduce its pressure from shot to 
shot, the data obtained for the various models were not all for the same input 
pressures. Consequently, it was decided to normalize the data with respect to 
the input pressures to allow them to be plotted at the same pressures and to pro- 
vide correlation between the predictions and the recorded data. This normalized 
deta along with the full scale times were then plotted. F’+7. 8 - 22 are plots of 
this pressure-time data along with a plot of the wave shape from a 10 megaton 


nuclear weapon. 


Tne 10 megaton wave shape was obtained by scaling the 1 kiloton data from 
the IBM Problem "M". Since the shock tube produced a wave shape equivalent to a 
much larger yield than the 10 megaton weapon, the applied pressure remained higher 
for a longer time than would be encountered in the actual case. Once the shock 
wave has been transmitteu through the model, the pressure would then begin to rise 


as the model filled, much as a chamber, until an equilibrium was reached between 


10 


the outside pressure and the pressure within the model. This fiizing would te 
expected in either the shock tube test or the actual fleld case, but the extent 
of filling would be determined by the waveshape of the input shock wave. It is 
reasonable to assume therefore, that the ultimate or maximum pressure obtained 
for each gage position would be less for a 10 megaton wave shape than for tne 


Wave shape from a much larger yield. 


When the pressure-time record (measured) from a particular yage position 
crossed the pressure-time profile of the 10 megaton weapon (scaled from IPM 
Problem "M"), it was assumed that an equilibrium condition existed between tnat 
gage position and the input wave. At this point the pressure-time profile at the 


gage position would continue as cbserved in the shock tube test (overshoot the 


10 megaton wave shape) until a rarefaction wave moving at the local speed of sound 


could travel from the entrance to the gage position and relieve the pressure to 
that of the outside. The time for the rarefaction wave to travel to the gage 
position was calculated for each of the records and the observed pressure-time 
profile was continued, past the equilibrium point, for that time. At this time 
of relief, the pressure at the gage position would begin to decay at some rate 
greater than that of the outside wave cuape so that the pressure in the model 
would approach that of the outside. Lack of information as to the rate of this 
decay however, prohibits an approximation of the wave shape past the time of the 
relief. 


A number of values of pressure and time are available from these plots (Fig 
8 . 22). For the three input shock pressures the following values are available, 
for each gage position of each model, (1) the initial pressure step at the gage 
position, (2) tne time of arrival of this initial step, (3) the pressure at the 
time of the relief due to the rarefaction, and (4) the time at which the relief 


will occur. 


Since the data were taken at 200, 500, and 800 psi as opposed t- ..e point 
of interest, 1500 psi, the data had to be extrapolated to the higner pressure. 
This was accomplisned by piutling tbe input pressure versus une initial pressure 
the arrival time, etc. ror each position in each model and extrapolating these 
curves to 1500 psi (see Fig. 23 - 38). 


The data plotted on Fig. 2% - 3@ and that read from the extrapolation of 


these curves are listed in Table 1. Tne table gives for eacn position of eac:. 


model, the values of initial pressure, arrival time at the gage position, the 


LL 


7 oa 


pressure at the time of relief, and the time of the relief for input pressures 
of 200, 500, 800, and 1500 psi. In addition if a pressure exceeding that observed 
at the time of rarefaction occurred on the pressure-time records, that pressure 


and the time of its occurrence is listed. 


Since the models were designed to be oriented side-on to the blast wave, 
rather than the face-on configuration used, one point should be mentioned. Fig. 
23 indicates a high pressure at position 2 of Model 1. This is probably due to 
some extent to the simultaneous arrival and interaction of the three shock waves, 
transmitted from the three entrances. Since in the true case the shock arrival 
at the entrances would be different due to the varying ground ranges of the en- 
trances, the transmitted shocks would not arrive at the intersection simuitane- 
ousl;. This discrepancy, between simultaneous and non-simultaneous arrival at 
the intersection would effect the shock interactions and hence, should te consid- 


ered when using information taken from Model l. 
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FIG. 25- INCIDENT SHOCK OVERPRESSURE vs. INITIAL TRANSMITTED 
SHOCK OVERPRESSURE AT GAGE POSITIONS - MODEL #3 
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FIG. 26- INCIDENT SHOCK OVERPRESSURE vs. 
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SHOCK OVERPRESSURE AT GAGE POSITIONS. 
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FIG. 27—INCIDENT SHOCK OVERPRESSURE vs. TIME OF ARRIVAL OF 
TRANSMITTED SHOCK WAVE AT GAGE POSITIONS. MODEL #1. 
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FIG. 28-iINCIDENT SHOCK OVERPRESSURE vs. TIME OF ARRIVAL OF 


TRANSMITTED SHOCK WAVE AT GAGE POSITIONS-MODEL # 2 
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FIG. 29—INCIDENT SHOCK OVERPRESSURE vs. TIME OF ARRIVAL OF 
TRANSMITTED SHOCK WAVE AT GAGE POSITIONS. 
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FIG. 31- INCIDENT SHOCK GVERPRESSURE vs. TIME OF ARRIVAL 
OF RAREFACTION WAVE AT GAGE POSITIONS- MODEL #} 
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FIG. 32-—INCIDENT SHOCK OVERPRESSURE vs. TIME OF ARRIVAL 
OF RAREFACIION WAVE AT GAGE POSITIONS- MODEL #2 
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FIG. 33-iNCIDENT SHOCK OVERPRESSURE vs. TIME OF ARRIVAL 
OF RAREFACTION WAVE AT GAGE POSITIONS- MODEL #3 
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FIG. 39- INCIDENT SHOCK OVERPRESSURE vs. TIME OF ARRIVAL 
GF RAREFACTION WAVE AT GAGE POSITIONS. MODEL #4 


tee otoes 
Loenep 


tre 


ttedwe 
pe roeeesy 
wane 

: 

Y 

. 


5 


Settee 
be ones 
Aeer dee 
4s Sere 
soe veer 


pe eranerces 


ewes ee 


forthe ee 


44 


on” 


3 { 
= 
§ tT: 3 peat rs 
z tt 445. tele $33 j 
. £ be tod 373 
t tHES teat 33°3 ee 
2583: Pegs 533 oF s33t Sees Bass : 
¢ + ae sre ~~ 7 3: — 
ad i senses rere Seees Sores 23 aos 2 i 
| ara stshes ioe pinFE 3 Sarre Se eee ose eee +35 ee | 
2t . Pit setts esac: BS S32: sits at b32 3 
a ett tre sts 
eae o- ras > 4 z 
33a = isc 
t be o-¢e +o oe 
2 > 2 rat 223% 
e+ a & eee eg bees papas 
ee oe ther odere obi - e+ 
t- eer -ofees eee oe of 
° Po PLOTS aes Pre re Lees oe 
4% alts cprbetesres tote 
4 =e ee: 
rt Me Seaee eds fers teeees ett 
‘Sail rhe Opetee + peace 
r 


Ph trewivboboose oe 


+ e-oe 4 stdbhoote 
we eerit OF sybereee 
1 POSCRES ae 

peOU Se Teas rresesery 
THe sooo dee poobeds 
4-4 oes ab iosesrety 
tie tedtee are bi odes 


4 bb a hes sods poobios- 


as as a ones oe 4 


ort 
aod 
ees edeee ober x 


Core roeee ceare 


+ 1 eppece 


a ng bow chence: 


INCIDENT SHOCK OVERFRESSURE, PSI 


466 


FIG. 35 -INCIDENT SHOCK OVERPRESSURE vs. TRANSMITTED OVER- 
PRESSURE AT TIME OF RAREFACTION AT GAGE POSITIONS. 
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FiG. 36-INCIDENT SHOCK OVERPRESSURE vs. TRANSMITTED OVER- 
PRESSURE AT TIME OF RAREFACTION AT GAGE POSITIONS. 
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FIG. 37- INCIDENT SHOCK OVERPRESSURE vs. TRANSMITTED OVER- 
PRESSURE AT TIME OF RAREFACTION AT GAGE POSITIONS. 
MODEL # 3 
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FIG 
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AT TIME OF RAREFACTION AT GAGE POSITIONS. 


coor | 


the 
4 


Saag 
cae 
ne ere 
eans Soy) 
tretste 
= of oete 
pees 
o4ee 
(tet 
apes 
oEre: 
343 
ata 
rots 
r3 
a4 


a tibteer tae 


tee 
. 
a8 : 
. 
. 


Py 
res oe 
eer aoe) 
ete : 


Ep ston ite cia ae 


Rinne ae i 
Ty nea ee TTT 
BES SS a re SEE 
aR OU coos 
fii el LEN EEE ae 
FI Sg ea TN PE 
ONDE ait pee ae 


epee SUES 


SHettetintg 


ry 
ry 
3 


ie tne mee 
ors Rar 
peer pees 
+ 4 


4 


pee seer 
tree PSEsa 


oe 
oe 
tee 
ef Peran rar 
° 


peat ip raceses 
rat Crareeres 
te Bee fas 
pevetshete ree e 


bh peyeeeb ee 
paEninaa apa t 


4 
’ wer s 4 
rab die | SPST sal ees eg anim 

ute 4 HOTT egCae GOS) bERED CORRS REST RHINE 


INCIDENT SHOCK OVERPRESSURE, PSI 


TARLE 1 - PREOSURE AND TIME VALUEC 


1500 


51 


110 


lll 
188 


22k 


32 


TABLE 1 - PRESSURE AND TIME VALUES (CONT'D) 


TABLE 1 - PRESSURE AND TIME VALUES (CONT'D) 


MODEL POS D, P A ty an te 
4 2 200 ue O42 lll 0299 
500 22 .036 180 «150 
800 80 039 325 -120 
1500 114 022 1640 086 
3 200 22 .078 140 22h 
500 174 669 330 170 
1500 2he 027 1850 -102 
4 200 76 102 148 287 
500 159 .089 538 +217 
800 393 0075 939 .185 
1590 3900 0054 18% «140 
B, 200 135 124 147 274 
300 926 «109 945 267 
800 1495 089 895 225 
1500 1820 061 1830 .160 
6 200 1l .081 184 «270 
500 34 -052 165 142 
800 153 O41 270 156 
1500 130 627 1830 .112 
Po - Incident Shock Overpressure, PSI 
Pa - Initial Transmitted Shock Overpressure, PSI 
t= Time of Arrival of Transmitted Shock Wave, SEC. 
Pe - Transmitted Overpressure at Time of Rarefaction, PSI 
te - Time of Arrival of Rarefaction Wave, SEC. 
Pu - Maximum Transmitted Overpressure, PSI 
ta 7 Time of Occurrence of Maximum Transmitted Overpressure, SEC. 
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